The frequency of neurologic complications of cerebral angiography is 0.3% -2.3%, and the frequency of the persistent neurologic deficits that remain over 7 -10 days is 0.4% -0.5%. On the other hand, all neurologic complications of balloon test occlusion (BTO) have been reported in 0% -8.3% and especially in 1.6% -1.7% of symptomatic neurologic complications. There are a few reports concerning a seizure related to cerebral angiography and BTO. We report a case of prolonged seizures and left hemiparesis during and after BTO of the right internal carotid artery. The patient showed repeated focal seizures and prolonged left hemiparesis lasting for approximately 2 months. Computed tomography and magnetic resonance imaging demonstrated no abnormal findings. Suspected mechanisms of seizure were a cerebral blood flow change induced by BTO and neurotoxicity of accumulated contrast medium. A combination of prolonged focal seizures and subsequent hemiparesis is a rare complication of BTO, which should be taken into consideration during BTO.
Introduction
Cerebral angiography has been reported to cause persisting neurologic complications in 0.4% -0.5% of the procedures [1] [2] . The reported rate of symptomatic neurologic complication related to BTO has been 1.6% -1.7% [3] [4] . Few studies reported seizures induced by cerebral angiography and/or BTO [5] [6] . We report a rare case of repeated focal seizures and prolonged left hemiparesis after cerebral angiography and BTO of the right internal carotid artery.
Case Report
A 51-year-old female with an unruptured aneurysm at the junction of the right internal carotid artery (ICA) and the ophthalmic artery was admitted to our hospital for a preoperative evaluation. She had a history of seizures with fever in childhood and again at 18 years old. We conducted a preoperative angiography and a BTO of the right ICA to evaluate collateral flows. Before the angiography, a bolus heparin of 5000 units was administered intravenously and the activated clotting time reached 282 sec. We administered ioxaglic acid (Hexabrix, Guerbet Japan, Tokyo, Japan) at a rate of 3 mL/s and total amount of 5 mL for the right ICA angiography (Figure 1(a) , Figure 1(b) ). Three-dimensional rotation angiography of the right ICA was performed. Subsequently, a Selecon MP balloon catheter of 5.2 Fr. (Terumo Clinical Supply, Gifu, Japan) was placed at just distal of the right ICA's orifice. The balloon was inflated and a contrast medium was injected manually to confirm occlusion of the right ICA (Figure 1(c) ). Immediately after confirming the stagnation of the contrast medium in the ICA on fluoroscopy, the patient became unconsciousness with conjugate deviation of bilateral eyeballs to the left side and with tetraparesis. The balloon catheter was deflated promptly. The right ICA angiogram performed soon after the balloon deflation showed no abnormal findings of the arteries in the right carotid artery territory. Intravenous injection of 15 mg of diazepam and 500 mg of phenytoin were administered. CT performed just after the procedure revealed no abnormal findings. Phenobarbital of 100 mg a day and predonisolone of 40 mg a day were administered with sufficient intravenous hydration. For the 12 hours after the procedure, she was unconscious with clonic movement of her left limbs. MRI and MRA performed the day after the procedure showed no abnormal findings (Figure 2 ). For 5 days after the procedure, intermittent transient consciousness disturbance with the conjugate deviation of her eyes to the left side and clonic involuntary movement of her left limbs occurred 2 -3 times a day. Left hemiparesis was found during the interval of the seizures. Five days after the procedure, oral administration of carbamazepine of 200 mg a day was started and increased to 700 mg a day with monitoring of the blood concentration. Her epileptic fits disappeared 8 days after the procedure. An electroencephalography performed during the intermittent period of the attack showed slow waves in the right frontal with no apparent spike wave (Figure 3) . MRIs performed 8 and 21 days after the procedure showed no abnormality. Carbamazepine was changed to levetiracetam of 500 mg a day, because of drug eruption caused by the carbamazepine. The transient clonic movement of her left limbs recurred 33 days after the procedure and then the ictus occurred every day. Because secondary generalization following the clonic movement occurred, valproic acid was added. Levetiracetam and valproic acid were increased to 1500 mg and 400 mg a day, respectively, finally resulting in the disappearance of the attacks. The patient was discharged 60 days after the procedure with slight left hemiparesis.
Discussion
Among neurologic complications caused by cerebral angiography, few cases of seizures induced by contrast media have been reported [5] [6]. Mitsuyama et al. reported intractable focal seizures induced by cerebral angiography using iomeprol in a patient with venous angioma in the left cerebellum. In the report, tonic movement of the left arm occurred during the right carotid angiography and it continued intermittently for approximately 2 hours, followed by left arm weakness persisting for 60 hours after the angiography. Because no abnormality was demonstrated on CT and MRI, they speculated that mechanisms of the neurologic complication were disruption of the blood brain barrier (BBB) by the contrast medium and it's neurotoxicity to the brain [5] . Main reported causes of neurologic complications induced by BTO were carotid artery dissections and arterial embolism [3] [4]. Haraguchi et al. has reported seizures caused by BTO. In the report, a patient with a right mandibular ameloblastoma developed left hemiparesis followed by a generalized seizure, which resolved completely 4 days after the procedure. T2-weighted MRI and diffusion-weighted MRI revealed an abnormal hyperintense lesion in the right frontal lobe. They speculated that a possible mechanism of the seizure was vasogenic edema induced by the temporary ischemia and reperfusion of the BTO [7] . During endovascular treatment with transient arterial occlusion using a balloon catheter, occurrence of cerebral enhancement by contrast medium has been reported, which was possibly induced by reperfusion injury leading to BBB disruption [8] . To the best of our knowledge, hemiparesis persisting for longer than 2 months following seizures induced by BTO has never been reported previously.
Ioxaglic acid has proved to be the most anticoagulant contrast agent as a result of a combination of its osmolality and its ionic strength. We usually use Ioxaglic acid during cerebral angiography in consideration for this characteristic. Non-ionic compounds bring benefit and fewer adverse side effects associated with their reduced chemotoxicity and high hydrophilicity, using a non-ionic contrast agent might have prevented the neurological complications in our case [9] .
Nelson et al. reported that 22 of 29 patients (76%) with contrast medium-induced seizures had a history of previous spontaneous seizures in their consecutive series of contrast-enhanced head CT examinations [10] . Considering the seizure history of our patient, the use of a non-ionic contrast medium and/or advance administration of anti-epileptics might have prevented the neurological complications. In case of convulsions induced by contrast media, sufficient intravenous hydration and early administration of carbamazepine with monitoring of its blood concentration are recommended.
Conclusion
We report a unique case that manifested with a prolonged seizure and hemiparesis during BTO. Because angiography performed immediately after undergoing BTO and MRI didn't reveal embolic event, we speculated that neurotoxicity of ionic contrast medium induced neurologic complications. During the BTO procedure, transient ischemia, reperfusion, and the attenuation of the contrast agent may influence the neurotoxicity of contrast agent. In patients with a history of seizures, it is necessary to pay attention to incomplete continuous cerebral ischemia caused by BTO and balloon-assist techniques, which may induce seizures accompanied with hemiparesis.
